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I.  INTRODUCTION  | 

i 

The  identification  of  human  remains  is  of  great  importance  in  today's  | 

! 

society.  In  the  case  of  homicidal  death,  the  single  most  important  clue  to  | 

the  murderer  is  often  the  identification  of  the  victim.  In  all  cases  there  j 

is  the  family  of  the  deceased  to  consider;  both  emotionally  and  financially.  | 

I 

Emotionally,  the  social  values  which  prevail  today  require  the  identification  j 

of  human  remains  so  they  can  be  returned  to  the  surviving  family  for  proper 
disposition  and  burial.  Financially,  legal  proof  of  death  is  necessary  for 
the  disposition  of  the  deceased's  estate  and  life  insurance  proceeds.  In 
most  cases,  legal  proof  of  death  (in  the  form  of  a death  certificate)  is  not 
obtainable  unless  the  deceased's  remains  have  been  identified. 

Unfortunately,  it  is  not  presently  possible  to  identify  all  human  remains, 
either  due  to  lack  of  identifiable  characteristics  or  due  to  inability  to  match 
identifiable  characteristics  to  known  individuals.  It  is  for  this  reason  that 
no  information  which  may  assist  in  identification  should  be  overlooked. 

i ' 

Every  person  has  identifying  characteristics  which  distinguish  him  from 
all  others,  such  as  sex,  race,  height,  color  of  eyes,  color  of  hair,  body 
build,  scars,  fingerprints,  etc.  Immediately  after  death  these  characteristics 
begin  to  deminish  as  the  body  decomposes.  Depending  upon  the  degree  of  de- 
composition it  may  be  possible  for  even  the  untrained  person  to  determine 
some  characteristics.  By  the  time  the  remains  have  skeletonized,  however, 
they  provide  practically  no  information  to  the  untrained  person.  In  many 
cases  even  trained  personnel  may  be  misled  by  parts  of  skeletons  unless  they 
deal  with  human  bones  on  a regular  basis  (Stewart,  1951) . 
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The  skeleton  has  effectively  lost  its  identity  as  an  individual  and  it 
is  the  responsibility  of  those  persons  tasked  with  the  identification  of 
skeletal  remains  to  search  for  the  clues  which  may  provide  meaningful  identi- 
fication characteristics.  Stature  is  one  such  identifying  characteristic 
which  lends  itself  to  additional  research. 

Stature  can  be  divided  into  two  parts,  the  axial  (head-trunk)  length 
and  the  lower  limb  length  (Wells,  1959) . A considerable  amount  of  work  has 
been  done  on  the  estimation  of  stature  from  the  long  bones  of  the  body: 
the  femur,  tibia,  fibula,  humerus,  radius,  and  ulna.  On  the  other  hand, 
very  little  has  been  done  on  the  estimation  of  stature  from  the  axial  skele- 
ton. The  lack  of  such  studies  was  mentioned  by  Pearson  as  early  as  1898. 

Then  in  1929,  in  an  editorial  note  following  an  article  on  estimation  of 
stature  using  Chinese  data  (Stevenson,  1929) , Pearson  made  the  following 
remarks  recommending  study  of  the  vertebral  column: 

If  we  consider  the  parts  of  the  skeleton  not  taken  into 
consideration,  and  which  suggest  selection,  we  naturally  turn 
to  the  vertebral  column  as  the  most  important.  Of  course  the 
pelvic  and  cranial  heights  might  present  appreciable  correla- 
tions, but  the  first  subject  for  study  seems  to  me  the  verte- 
bral column.  At  present  nobody  knows  the  correlations  between 
any  individual  vertebra  and  the  total  length  of  the  column. 

It  is  quite  possible  that  it  might  not  be  needful  to  use  all 
the  vertebrae,  but  that  the  correlation  of  stature  with  the 
heights  of  one  or  two  vertebrae  might  be  nearly  as  efficient 
as  measuring  the  whole  series.  The  investigation  would  be 
well  worth  while  making,  if  the  Chinese  material  extends  to 
measurements  on  the  vertebral  column. 

Pearson's  recommendation  went  unnoticed,  and  the  vertebral  column  has 
yet  to  bo  studied  in  this  regard  in  the  United  States.  In  France,  Fully  and 
Pineau  (1960)  presented  a study  which  partially  followed  the  recommendation 
of  Pearson.  However,  there  is  no  indication  that  they  were  prompted  by  or 
even  aware  of  his  remarks. 

Fully  and  Pineau  developed  regression  formulae  for  the  estimation  of  the 
length  of  the  column  from  certain  groups  of  vertebrae  and  for  the  estimation 
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of  stature  from  the  lumbar  vertebrae  plus  the  length  of  either  the  femur 
or  the  tibia. 

3 The  only  other  study  which  addressed  the  estimation  of  stature  from  the 
vertebral  column  had  been  conducted  by  an  American,  Thomas  Dwight,  in  1894, 
prior  to  Pearson's  comments.  Dwight's  study  utilized  intact  vertebral  columns 
from  cadavers  and,  although  providing  an  indication  of  the  usefulness  of  the 
column  for  stature  estimation,  is  of  little  value  when  dealing  with  skeletal 
remains, 

The  purpose  of  this  research  is  to  at  least  partially  fill  this  void  by 
developing  regression  formulae  for  ■ ae  estimation  of  stature  from  the  verte- 
brae of  American  Negroes.  Negroes  were  chosen  for  study  because  of  the  total 
lack  of  previous  vertebral  studies  on  this  race,  and  because  of  the  availa- 
bility of  Negro  specimens  from  the  Terry  Anatomical  Collection  now  located 
in  Washington,  D.C. 
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II.  HISTORICAL  BACKGROUND 


Before  1889 

The  estimation  of  stature  has  been  of  interest  to  the  physical  anthro- 
pologist for  many  years.  Most  of  the  early  studies  were  carried  out  by 
French  anthropologists  and  from  there  spread  to  the  rest  of  the  world. 

Orfila,  (Plate  1)  in  1831,  conducted  the  first  study  based  on  the  actual 
measurements  of  the  long  bones  and  constructed  tables  from  which  the  stature 
could  be  predicted.  These  tables  were  based  on  the  study  of  20  skeletons  and 
51  cadavers  of  both  sexes.  Orfila  also  utilized  the  work  of  the  French  Anato- 
mist, Sue  (1755) . Sue  (Plate  2)  had  studied  the  variations  in  skeletal  pro- 
portions due  to  differences  of  age  and  sex  as  an  aid  to  students  of  art. 

Orfila  beccime  interested  in  Sue's  work  from  the  anthropological  point  of  view 
after  it  was  realized  that  the  proportions  could  possibly  be  used  to  estimate 
stature. 

After  Orfila' s study,  similar  tables  were  presented  by  Humphry  (1858)  in 
Elngland,  and  by  Danger  (1872)  and  Toldt  (1882)  in  Germany.  These  studies 
consisted  of  too  few  samples  to  be  statistically  significant  and  did  not 
differentiate  between  the  sexes.  The  measuring  technique  also  left  much  to  he 
desired.  Topinard  (Plate  3)  in  1885,  published  an  article  which  pointed  out 
the  weakness  of  Orfila' s methods.  He  included  work  of  his  own  which  was  much 
more  accurate  than  that  of  previous  investigators,  and  which  dealt  separately 
with  each  sex. 
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1889  to  1898 

One  of  the  most  significant  studies  in  this  field  was  done  by  Rollet 
(Plate  4)  in  1889.  This  study  was  significant,  not  because  of  Rollet's 
findings,  but  because  his  data  was  later  used  by  other  investigators  and 
would  persist  as  a basis  for  estimation  of  stature  in  most  of  the  world  for 
many  years.  Rollet  measured  the  long  bones  of  fifty  males  and  fifty  females 
from  the  south  of  France,  and  from  these  constructed  tables  for  estimation 
of  height.  During  this  study,  Rollet  measured  the  long  bones  in  both  a fresh 
state  and  a "dry"  state  and  found  that  they  shrank  an  average  of  2mm.  This 
figure  is  still  used  as  the  average  shrinkage  of  the  long  bones. 

Rollet's  work  was  criticized  by  Manouvrier  (1890  and  1892)  for  two 
reasons:  1)  approximately  half  of  his  sample  was  over  60  years  of  age  and 

2)  he  constructed  his  table  by  finding  the  expected  bone  lengths  for  given 
heights.  The  first  point  was  considered  a problem  because  it  was  generally 
accepted  by  the  anthropologists  of  the  period  that  people  lost  height  as  they 
aged,  although,  at  that  time,  no  extensive  studies  had  been  conducted  to 
determine  the  degree  of  shrinkage.  The  second  point  was  considered  a problem 

due  to  what  Alphonse  Bertillon  named  the  "Paradoxe  Anthropometrique" . i 

) 

Manouvrier,  in  1890,  published  an  article  which  exemplified  this  paradox  by  i 

I 

using  the  length  of  the  foot  and  the  stature.  He  showed  that  a height  of  1.8 
meters  corresponded  to  an  expected  foot  length  of  275  millimeters,  while  a 
foot  length  of  275  millimeters  corresponded  to  an  expected  height  of  1.71 
meters. 

Using  Rollet's  data,  Manouvrier  (Plate  5)  compiled  tables  for  the  esti- 
mation of  stature  which  were  published  in  1892,  correcting  the  two  above  men- 
tioned problems.  He  used  only  those  subjects  under  60  years  of  age  leaving 


24  males  and  25  females  on  which  to  base  his  tcibles.  Manouvrier  based  his 


Plate  4 Etienne  Rollet 
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tables  on  the  expected  height  for  a given  bone  length  and  also  indicated  that 
2inm  should  be  subtracted  from  the  statures  estimated  from  his  tables  in  order 
to  obtain  the  living  stature. 

During  the  late  1800's  the  long  bones  were  not  the  only  portions  of  the 
body  being  studied  in  this  regard.  In  1890,  Thomas  Dwight  (Plate  6)  published 
an  article  in  which  he  explored  the  sternum  as  an  aid  in  the  estimation  of 
stature.  He  added  additional  data  to  this  study  in  another  paper  published 
in  1894,  and  concluded  that  while  the  typical  sternum  has  a fairly  constant 
ratio  to  heights,  the  number  of  variations  is  so  great  as  to  make  the  method 
of  little  value  in  estimating  individual  statures. 

In  his  1894  article,  Dwight  expanded  on  what  he  called  the  "Anatomical 
Method"  for  the  estimation  of  stature.  This  method  consisted,  for  all  prac- 
tical purposes,  of  laying  out  the  skeleton  (making  sure  the  spine  is  properly 
proportioned  and  curved,  and  allowing  for  cartilage)  from  head  to  foot,  meas- 
uring it  and  adding  a few  centimeters  for  the  missing  soft  parts.  This  meth- 
od is  seldom  practical  in  medico-legal  cases  as  the  entire  skeleton  is  seldom 
present.  The  process  is  also  quite  time  consuming  and  requires  a greater 
amount  of  expertise  than  is  normally  available  (Britinger,  1937). 

Of  more  importance  to  the  current  study,  however,  was  his  introduction 
of  a new  method  using  the  spine  to  estimate  stature.  Dwight  dissected  the 
spines  from  the  cadavers  of  56  males  and  21  females  and  measured  their  straight 
line  lengths  from  the  top  of  the  atlas  to  the  promontory  of  the  sacrum.  He 
then  divided  the  spine,  by  sex,  into  groups  of  three  centimeters  each  and 
computed  the  average  ratio  of  each  group  to  the  stature;  thus  giving  him  co- 
efficients by  which  to  multiply  spines  falling  into  any  of  the  groups  in  order 
to  estimate  stature.  Dwight  found  that,  with  only  one  exception,  as  the  length 


of  the  spine  increased,  the  coefficient  decreased 
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Dwight  then  compared  estimated  heights  using  the  methods  of  Topinard, 
Rollet,  and  Manouvrier  with  his  own  estimations.  He  used  20  males  and  20 
females  for  his  comparison,  although  he  had  the  spine  measurements  in  only 
17  cases  for  each  sex.  The  results,  when  compared  with  the  actual  heights, 
revealed  that  the  order  of  accuracy  for  the  males  was  Topinard,  Rollet, 
Meinouvrier,  and  Dwight;  while  the  order  for  the  females  was  Dwight,  Manouvrier, 
Topinard,  and  Rollet.  He  thus  established  that  the  spine  could  be  used  as  an 
indicator  of  stature.  Unfortunately,  this  method,  like  the  anatomical  method, 
does  not  readily  lend  itself  to  most  forensic  cases. 


1898  - Pearson 

Each  of  these  studies  attempted  to  reconstruct  height  by  determining 
the  ratio  of  the  stature  to  the  length  of  the  bones.  In  each  it  was  discov- 
ered that  the  ratio  varied  with  the  length  of  the  bones  and  the  researchers 
resorted  to  tabulating  the  ratio  for  three  or  four  ranges  of  bone  length. 

In  1898,  Pearson  (Plate  7)  applied  the  theory  of  regression  to  this 
problem  and  showed  that  the  ratio  the  others  had  been  seeking  was  dependant 
on  bone  length.  Pearson  showed  that,  if  given  a known  organ  "A",  then  the 
most  probable  value  for  organ  "B"  was  given  by  the  linear  equation: 

o 


B - m = — ^r  (A  - m ) 
B AB  a 

o 


A 

where  m and  m are  the  mean  sizes  of  "A"  and  "B" ; o and  o are  their  stand- 
A B a B 

ard  deviations;  and  r is  their  correlation  coefficient.  He  then  reduced 

AB 

this  equation  to  B = Cj  + C2A.  Therefore,  B/A  = C2  + Cj/A.  If  "B"  is  stature 
and  "A"  is  the  length  of  a bone,  this  equation  shows  that  the  ratio  which 
previous  researchers  were  seeking  was,  indeed,  dependant  on  long  bone  length. 
Pearson  went  on  to  show  that  more  than  one  organ  could  be  used  to  develop 


multiple  regression  formulae  and  criticized  the  French  researchers  for  a 


A 


i 

I 
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technique  they  had  generally  advocated.  The  French  researchers  had  custom- 
arily predicted  stature  from  several  single  bones  and  then  used  the  mean  of 
these  predictions  as  the  true  stature.  By  using  multiple  regression,  Pearson 
was  able  to  show  that  the  method  of  averaging  several  estimations  of  stature 
may  actually  screen  out  negative  partial  regression  coefficients  and  that, 
theoretically,  the  regression  formula  for  n organs  will  provide  more  valua- 
ble results  than  the  mean  of  n regression  formulae  for  n organs. 

Pearson,  using  Rollet's  data,  proceeded  to  develop  regression  formulae 
for  the  estimation  of  stature  from  the  long  bones.  Unlike  Manouvrier,  Pearson 
used  all  of  Rollet's  subjects,  regardless  of  age.  Pearson  felt  that  a sample 
of  only  50  was  almost  too  small,  and  that  it  would  be  impossible  to  develop 
meaningful  formulae  from  only  25  skeletons.  He  carefully  weighed  the  effects 
that  the  older  subjects  would  have  on  his  results  and  decided  that  they  would 
not  significantly  reduce  the  expected  heights. 

Pearson  compared  his  estimates  and  Manouvrier 's  estimates  of  ten  males 
and  ten  females  from  Rollet's  data  with  the  actual  statures.  Pearson's  mean 
errors  were  2.46cm  for  the  males  and  2.2cm  for  the  females  while  Manouvrier' s 
were  2.975  and  3.075cm  respectively,  thus  indicating  that  his  method  was  more 


accurate  than  Manouvrier ' s. 

This  study  by  Pearson,  although  primarily  intended  for  use  in  anthrop- 
ological studies  of  pre-historic  races,  would  remain  virtually  the  only 
reference  to  be  widely  used  for  the  estimation  of  stature  in  medico-legal 
cases  in  the  United  States  until  the  1950' s. 

Pearson  also  warned  against  using  regression  formulae  derived  from  one 
local  race  on  another  local  race  without  careful  consideration  of  the  evolu- 
tionary relationship  between  the  races. 
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1900  to  1950 

In  1929,  Stevenson  (Plate  8)  compared  the  regression  formulae  developed 
by  Pearson  from  French  cadavers  with  his  own  regression  formulae  developed 
from  48  male  cadavers  representative  of  the  North  China  population.  He 
found  that  when  using  the  French  formulae  on  the  Chinese  material,  the  aver- 
age prediction  was  over  4cm  too  small.  Conversely,  the  Chinese  formulae 
applied  to  the  French  material  provided  predictions  which  averaged  about  the 
same  amount  too  large.  Stevenson  pointed  out  that  this  variation  was  over 
seven  times  the  probable  error  and  that  the  probability  against  the  formulae 
from  one  race  producing  a satisfactory  stature  estimate  for  an  individual  of 
the  other  race  was  on  the  order  of  several  million  to  one.  He  then  stressed 
the  importance  of  deriving  regression  formulae  for  other  races,  as  had  been 
suggested  by  Pearson  30  years  earlier. 

In  1937,  Brei.tinger  conducted  a massive  investigation  into  the  estimation 
of  stature  from  the  long  bones.  His  data  consisted  of  measurements  on  2,400 
males,  most  of  whom  participated  in  a gymnastics  festival  in  Munich,  Germany 
in  1923.  Although  he  followed  the  statistical  analysis  introduced  by  Pearson, 
his  study  is  of  questionable  value  because  all  measurements  were  conducted 
on  living  individuals,  thus  leaving  the  bone  length  measurements  questionable. 

1950  to  the  Present 

The  1950' s produced  a surge  in  the  field  of  stature  estimation  which 
lasted  through  the  decade.  The  first  was  a study  in  1950  by  Telkka  in  which 
he  studied  a sample  of  115  males  and  39  females  from  the  collections  of  the 
Anatomy  Department  of  Helsinki  University,  Helsinki,  Finland.  The  average 
ages  of  the  subjects  were  42.3  for  the  males  and  50.4  for  the  females,  with 
17  males  and  11  females  over  60  years  of  age.  Telkka 's  study  included  all 
six  long  bones  and  disclosed  little  differences  in  the  standard  errors  of 


the  estimate  between  the  bones.  He  also  found  that  the  use  of  multiple 
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regression  provided  little  improvement  over  regression  formulae  derived 
from  merely  summing  the  lengths  of  bones. 

In  1951,  three  articles  appeared  on  this  subject.  Trotter  and  Gleser 
published  two  works:  one  dealing  with  the  effects  of  age  on  stature  (1951a) 
and  the  other  with  trends  in  stature  of  persons  born  between  1840  and  1924 
(1951b) . 

The  first  of  these  studies  was  conducted  on  855  skeletons  of  American 
Whites  and  Negroes  of  both  sexes,  ranging  in  age  from  19  to  91  years,  obtained 
from  the  Terry  Anatomical  Collection  in  St.  Louis.  Trotter  and  Gleser  found 
that  there  was  a statistically  significant  decline  of  stature  with  age  and 
that  the  rate  of  decline  was  homogenous  across  both  races  and  both  sexes. 

They  also  found  that  Rollet's  data  showed  the  same  relationship  of  stature  to 
age  as  the  American  sample.  They  concluded  that  the  average  rate  of  decline 
in  stature  which  they  found  should  be  applicable  to  the  general  population. 

The  rate  of  decline  was  1.2cm  per  20  years.  They  were  not  able  to  determine 
the  age  of  onset  of  this  decline.  In  their  study,  they  "arbitrarily"  selected 
30  years  as  the  age  of  onset  of  this  regression  in  height. 

The  second  study  by  Trotter  and  Gleser,  using  the  same  855  skeletons  as 
in  the  previous  study  plus  the  skeletal  remain  of  611  American  White  and 
Negro  male  military  personnel,  was  to  provide  data  bearing  on  the  effect  of 
the  secular  factor  on  maximum  stature  of  individuals  born  in  successive  de- 
cades. Although  they  found  minor  fluctuations  in  the  nineteenth  century  and 
a rapid  increase  in  the  twentieth  century,  their  study,  covering  85  consecu- 
tive years,  refuted  the  hypothesis  that  stature  has  increased  progressively 
from  decade  to  decade. 


The  third  article  to  appear  in  1951  was  again  concerned  with  the  esti- 
mation of  stature  from  the  long  bones.  This  study,  by  Dupertuis  and  Hadden, 
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was  based  on  measurements  from  400  American  skeletons  from  the  Todd  Osteo- 
logical  Collection  in  Cleveland,  Ohio.  These  skeletons  were  equally  divided 
among  tvhite  males.  White  females,  Negro  males,  and  Negro  females.  The  ages 
ranged  from  20  to  65  years  for  the  two  i-Jhite  series  and  from  20  to  45  years 
for  the  two  Negro  series.  The  results  of  this  study  paralleled  those  of 
Pearson.  As  was  expected,  Dupertuis  and  Hadden  found  that  each  of  the  formu- 
lae gave  the  best  results  when  applied  to  the  population  from  which  it  origi- 
nated. They  also  developed  general  formulae  for  use  in  cases  where  race  was 
unknown . 

This  study  by  Dupertuis  and  Hadden  did  not  receive  the  expected  amount 
of  attention  because  of  a third  study  by  Trotter  and  Gleser  which  appeared 
in  1952.  The  material  for  this  study  came  from  two  sources:  skeletons  of 
military  personnel  drawn  from  American  World  War  II  casualties  in  the  Pacific 
2;one  and  skeletons  from  the  Terry  Anatomical  Collection.  Trotter  and  Gleser 
were  able  to  utilize  skeletons  of  1,200  male  military  personnel  (1,115  Whites, 
85  Negroes)  and  of  850  subjects  from  the  Terry  Collection  (255  White  males, 

63  White  females,  360  Negro  males,  and  177  Negro  females).  The  results 
showed  that,  after  correction  for  aging,  the  formulae  for  the  estimation  of 
stature  based  on  the  Terry  Collection  and  on  the  military  personnel  were  in 
substantial  agreement.  The  study  also  indicated  a need  to  deduct  2.5cm  from 
cadaver  stature  to  obtain  the  equivalent  of  living  stature.  A comparison  of 
their  results  with  those  of  other  investigators  showed  the  newly  developed 
formulae  to  be  the  best  for  use  on  American  Whites  and  Negroes. 

In  1958,  Trotter  and  Gleser  completed  yet  another  study  on  the  esti- 
mation of  stature  from  the  long  bones.  This  study,  based  on  the  remains  of 
American  military  personnel  from  the  Korean  War,  updated  and  expanded  their 
1952  study.  The  new  sample  consisted  of  4,672  VThites,  577  Negroes,  92  Mongo- 
loids, 112  Mexicans,  and  64  Puerto  Ricans.  By  comparing  the  findings  of  the 
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1958  study  to  those  of  the  1952  study,  Trotter  and  Gleser  concluded  that 
equations  for  estimation  of  stature  should  be  derived  anew  when  opportunities 
present  themselves.  This  conclusion  sprang  mostly  from  the  indication  that 
the  personnel  from  the  Korean  War  showed  a continuation  of  growth,  possibly 
to  their  23rd  birthday,  as  opposed  to  the  World  War  II  dead,  which  showed 
no  significant  increase  in  stature  after  18  years  of  age. 

The  Trotter  and  Gleser  studies  of  1952  and  1958  are  presently  the  most 
commonly  used  reference  for  estimation  of  stature  for  the  purpose  of  identi- 
fication of  skeletal  remains  in  forensic  cases  in  the  United  States. 

In  1956,  a study  by  Fully  again  introduced  basically  the  same  method 
mentioned  by  Dwight  in  1894,  using  measurements  which  amounted  essentially 
to  laying  the  skeleton  out  and  measuring  it  from  head  to  foot.  Fully,  how- 
ever, eliminated  the  need  for  reconstructing  the  curve  and  spacing  of  the 
vertebral  column  by  measuring  each  vertebrae  individually  and  using  the  total 
of  these  measurements  in  his  computations. 

In  1960,  Fully  and  Pineau  reiterated  the  method  introduced  in  1956  and 
added  a study  using  the  vertebral  column  which  was,  according  to  Pearson, 
long  overdue.  As  noted  previously,  Pearson  had  commented  in  1927  that  the 
correlation  between  the  individual  vertebrae  and  the  length  of  the  vertebral 
column  was  unknown  and  that  research  should  be  done  in  this  area.  He  also 
suggested  that  study  be  conducted  to  determine  the  correlation  between  the 
vertebrae  and  stature.  Fully  and  Pineau  partially  addressed  these  subjects 
in  their  research. 

Using  164  male  skeletons  between  the  ages  of  18  and  65  years  and  between 
the  heights  of  151  and  188  centimeters.  Fully  and  Pineau  developed  regression 
formulae  for  the  estimation  of  the  length  of  the  column  from  certain  groups 
of  vertebrae  and  for  the  estimation  of  stature  from  the  lumbar  vertebrae  plus 
the  length  of  either  the  femur  or  the  tibia.  The  skeletons  used  in  this  study 
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were  obtained  from  World  War  II  concentration  camps  and  consisted  of  45% 
French  subjects,  27%  Italians,  and  28%  other  European  nationalities. 

Fully  and  Pineau  measured  each  vertebra  in  its  dry  state,  using  the 
maximum  height  of  the  vertebral  body.  Since  there  v;as  no  indication  that 
they  restricted  their  measurements  to  the  midline,  it  is  assumed  that  they 
did  not  make  such  a restriction.  They  used  these  measurements  and  their 
suras  to  develop  regression  formulae  for  estimation  of  the  length  of  the 
vertebral  column  from  the  following  groups  of  vertebrae:  1)  the  first  three 
thoracic;  2)  the  5th,  6th,  and  7th  thoracic;  3)  the  last  three  thoracic; 

4)  the  5th,  6th,  and  7th  thoracic  and  the  first  three  lumbar;  and  5)  the  last 
three  thoracic  and  the  first  three  lumbar.  In  addition,  they  presented  a 
table  which  gives  the  percentage  of  each  of  the  vertebrae  to  the  total  of 
the  vertebral  column. 

Fully  and  Pineau  also  developed  two  regression  formulae  for  the  esti- 
mation of  stature.  One  utilized  the  sum  of  the  femur  and  the  five  lumbar 
vertebrae.  The  other  utilized  the  tibia  and  the  five  lumbar  vertebrae. 

The  coefficients  of  correlation  for  these  two  formulae  were  0.926  and  0.908, 
respectively.  The  standard  errors  were  2.35cm  and  2.54cm,  respectively. 

This  exceeds  the  accuracy  of  all  previous  methods  for  estimating  stature 
using  the  long  bones  alone.  Fully  and  Pineau  did  not,  however,  develop 
regression  formulae  for  estimation  of  stature  from  the  vertebral  column  alone 
nor  did  they  explore  any  other  section  of  the  column  for  use  with  the  long 
bones.  This  would  seem  a logical  extension  of  their  study.  Indeed,  the  esti- 
mation of  stature  from  the  vertebral  column  without  the  use  of  the  long  bones 
seems  to  be  a serious  ommission  from  their  study  in  light  of  their  regression 
formulae  for  the  estimation  of  the  lenth  of  the  column. 

Although  several  studies  have  not  been  mentioned,  this  historical  over- 
view provides  the  reader  with  the  major  studies  dealing  with  the  estimation 
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of  stature  in  forensic  cases  in  the  United  States,  along  with  those  studies 
which  have  a direct  impact  on  this  research.  The  vast  majority  of  the  re- 
search in  this  field  has  dealt  with  the  long  bones  and  very  little  has  been 
done  with  the  vertebral  column. 


III.  METHODS  AND  MATERIAL 


The  subject  matter  utilized  in  this  study  consisted  of  100  Negro  male 
I and  100  Negro  female  skeletons  obtained  from  the  Terry  Anatomical  Collection 

located  at  the  National  Museum  of  Natural  History,  Smithsonian  Institution, 
Washington,  D.C.  The  Terry  Collection  consists  of  the  skeletons  of  approxi- 
mately 1,600  cadavers  which  were  dissecting  room  material  at  Washington  Uni- 
versity, St.  Louis,  Missouri  during  the  51  years  between  1914  and  1965 
(Stewart,  1969) . These  cadavers  were  subjected  to  a series  of  anthropometric 
measurements  prior  to  dissection  and  records  are  available  giving,  among 
other  information,  the  age,  race,  sex,  and,  in  most  cases,  stature. 

The  technique  utilized  to  measure  the  stature  of  the  cadavers  was  ex- 
plained by  Terry  in  1940.  A special  measuring  panel  (Plates  9,  10,  11,  12) 
was  constructed  which  allowed  characteristic  features  of  stajiding  posture  to 

I 

be  reproduced.  The  cadavers  were  carefully  posed  with  "ankles  bent,  knees 
and  hips  extended,  lumbar  curve  produced,  shoulders  squared  and  arms  hanging 
at  the  sides,  the  face  front  and  eye-ear  plane  horizontal".  This  was  done  in 
order  to  reproduce  the  living  stature  of  the  individual  as  opposed  to  the 
cadaver  stature  normally  obtained  in  the  supine  position.  In  spite  of  these 
attempts,  Trotter  and  Gleser  (1952)  indicate  that  an  average  of  2.5cm  must 
be  subtracted  from  the  recorded  statures  for  the  Terry  Collection  in  order 
to  obtain  living  stature. 

Trotter  and  Gleser  (1951a)  also  pointed  out  that  when  using  the  Terry 
Collection  for  the  estimation  of  stature,  it  is  necessary  to  visually  verify 
the  recorded  stature.  Corrections  were  necessary  since  some  of  the  subjects’ 


feet  were  not  placed  flat  on  the  baseboard  of  the  measuring  panel  and  it  was 
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Plate  12  Cadaver  measuring  panel,  side  view 
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possible  to  make  corrections  since  a measuring  rod  was  included  in  the  photo- 
graphs contained  in  the  information  folder  for  each  cadaver. 

In  view  of  Trotter  and  Gleser's  (1951a)  findings  on  the  effects  of  aging 
on  stature,  an  attempt  was  made  to  use  only  subjects  between  the  ages  of  23 
and  40  years,  inclusive.  Unfortunately,  after  eliminating  those  skeletons 
whose  stature  had  not  been  recorded,  those  whose  statures  were  uncorrectable, 
and  those  whose  vertebrae  were  unsuitable  for  study,  it  was  necessary  to  ex- 
tend the  age  limits  on  the  females  in  order  to  obtain  100  usable  skeletons. 
For  this  reason,  the  males  range  in  age  from  23  to  40  years  while  the  females 
range  from  19  to  50  years,  inclusive  (see  Figures  1 & 2) . The  average  age  of 
the  males  is  32.82  years,  the  average  for  the  females  is  34.34  years. 

In  order  to  compensate  for  the  reduction  in  stature  due  to  age,  the  sta- 
ture of  all  those  cadavers  over  thirty  years  of  age  have  been  corrected  by 
adding  0.6mm  to  the  recorded  stature  for  each  year  of  age  over  thirty.* 

The  heights  of  the  vertebrae  were  determined  by  measuring  the  maximum 
midline  height  of  the  vertebral  bodies  using  sliding  calipers.  Each  verte- 
brae was  measured  individually  and  bone-group  lengths  were  subsequently  de- 
termined by  adding  the  individual  heights  of  the  appropriate  vertebrae. 

Table  1 lists  the  data  obtained  from  the  male  subjects;  table  2 lists 
the  data  obtained  from  the  female  subjects.  The  statures  in  these  tables 
have  not  been  corrected  for  any  reduction  due  to  age. 

The  first  cervical  vertebrae  was  not  utilized  in  this  study  since  it 
has  no  body.  Bone-groups  1 through  23  consist  of  the  single  vertebrae  C2 
(second  cervical)  through  L5  (fifth  lumbar) . The  remaining  bone-groups 
consist  of  the  first  23  taken  two  at  a time  (C2,  C3;  C3,  C4;  C4,  C5;  etc.), 

♦Since  the  stature  was  originally  recorded  only  to  the  nearest  milli- 
meter, the  stature  was  increased  by  .6mm  per  year  truncated  to  the  milli- 
meter. 
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three  at  a time  (C2,  C3,  C4;  C3,  C4,  C5;  C4,  C5,  C6;  etc.)#  until  all  23  are 
taken  together.  Only  continuous  sections  of  the  vertebral  column  are  included, 
i.e.,  combinations  such  as  "C2,  C3,  C7"  are  not  included.  There  are  a total 
of  276  bone-groups  developed  by  this  method.  They  are  referred  to  in  this 
paper  by  their  starting  and  ending  vertebrae.  For  example,  L2-L2  would  repre- 
sent the  bone-group  which  consists  of  the  single  vertebra  L2,  while  L2-L5 
represents  the  bone-group  consisting  of  the  four  vertebrae  L2,  L3,  L4,  and  L5. 

All  measurements  were  made  by  the  author  and  a certain  amount  of  bias  is 
evident  by  looking  at  the  height  distribution  of  an  individual  vertebra  (see 
Figure  3) . This  bias  was  due  to  a tendency  to  report  the  height  to  the  nearest 
whole  millimeter  and  to  report  half-millimeters  only  when  the  height  was  very 
near  to  being  exactly  on  a half-millimeter.  This,  however,  should  not  sub- 
stantially effect  the  outcome  of  this  research  since  such  bias  should  increase 
the  standard  deviations  slightly  without  significantly  effecting  the  means  of 
the  measurements.  This  bias  does  not  affect  the  means  of  the  bone-groups 


HEIGHT  OF  TI2 
(MILLIMETEnS) 


FIG.  3 DISTRIOUTION  OF  T 12  AMONG  100  NEGRO  FEMALES 


IV.  STATISTICAL  ANALYSIS 


The  analysis  of  the  data  followed  the  method  set  forth  by  Pearson 
(1898).  In  order  to  utilize  the  linear  regression  method,  it  is  necessary 
to  make  three  assumptions:  1)  that  the  material  being  studied  is  a sample 
(not  necessarily  random)  from  a large  population;  2)  that  the  stature  and 
bone  heights  are  random  variables  from  that  population;  and  3)  that  the 
relationship  between  the  stature  and  bone  heights  is  linear. 

The  first  of  these  assumptions  is  not  a problem  since  the  large  popula- 
tion from  which  the  sample  came  is  the  whole  adult  Negro  population  of  the 
United  States.  The  second  assumption  falls  short  of  fulfillment  because  Terry 
himself  admitted  in  1940  that  a sample  from  the  dissecting  room  is  not  repre- 
sentative of  the  general  population  due  to  long  term  illness  and  malnutrition 
in  many  cases  and  due  to  dehydration  of  the  body  after  death.  Terry,  however, 
went  on  to  point  out  that,  while  the  transverse  body  measurements  are  effected 
by  these  conditions,  the  longitudinal  measurements  remain  uneffected.  In 
reviewing  Trotter  and  Gleser's  work  with  the  Terry  Collection  (1951a,  1951b, 
1952)  nothing  was  found  which  would  indicate  that  the  collection  is  not  a ran- 
dom sample  of  the  general  population  as  far  as  the  longitudinal  measurements 
are  concerned.  The  third  assumption  has  no  factual  basis.  When  using  regres- 
sion analysis  it  is  necessary  to  assume  a form  for  the  regression  line  before 
beginning.  The  einalysis  indicates  how  well  the  assumed  line  fits  the  data  but 
does  not  indicate  whether  another  form  of  line  (such  as  quadradic  or  cubic) 
would  have  a better  fit  with  the  data.  The  matter  of  the  choice  of  a straight 
line  will  be  addressed  again  later  in  this  paper. 


43 


44 


In  order  to  apply  regression  analysis  to  the  data,  the  stature  is 
designated  (j=l,2, . . . ,n)  and  the  bone-group  lengths  as  (i=l,2, , . . ,k; 
j=l, 2, . . . ,n) , where  "i"  is  the  bone-group  number,  "k"  is  the  number  of  bone- 
groups  (in  this  case  276) , " j"  designates  the  individual  skeleton,  and  "n"  is 
the  total  number  of  skeletons  (in  this  case  100) . 

The  following  equations  can  then  be  utilized  to  obtain  the  desired 


regression  formulae: 

1.  The  mean  stature  and  the  mean  length  for  each  bone-group. 


X.  = (l/n)j;  X.  . 

^ j=i 

0 

2.  The  standard  deviation  of  the  stature  and  of  the  bone-group  lengths. 


a.  = / (l/(n-l))^  ((X. .-X.)2) 

^ / j=l  ^ 


3.  The  product  moment  between  the  stature  and  the  bone-group  *'i", 

n _ _ 

w = (l/(n-l))^  ((X^.-X  ) (X. .-X.)) 

Or  O3  0 ij  1 

4.  The  coefficient  of  correlation  between  the  stature  and  the  bone-group  "i", 

P-.  = h../(a.a  ) 

Oi  Oi  1 0 

5.  The  regression  coefficient  between  the  stature  and  the  bone-group  "i", 

6.  The  regression  formula  for  estimation  of  stature  based  on  a given  bone- 
group  X^, 

X^  = (X.-X. ) 

0 0 Oi  1 1 

7.  The  standard  error  of  the  estimate  X^, 


0„.  = a / 1-p-.^ 

Oi  0 Oi 

The  actual  stature  would  be  expected  to  fall  in  the  range  X^±a^.  approxi- 
mately 68%  of  the  time  and  in  the  range  X^±2o  . approximately  95%  of  the  time. 

0 Or 


i 


1 


Since  each  of  the  above  values  (X.,  a.,  p^.,  0 . and  o ) are  derived 

1 1 Oi  Oi  Oi 

from  a sample,  they  are  rcindom  variables  which  estimate  the  true  values  for 
the  population.  The  standard  error  for  each  of  these  estimates  can  be  ob- 
tained from  the  following: 

1.  e (X.)  = a.//^ 

1 1 


2. 

E (0^) 

= o,/i<^n 

3. 

e(Poi) 

4. 

e (00,) 

5. 

e (Co,) 

= 

i 


V.  THE  COMPUTER  SYSTEM 

The  statistical  analysis  for  this  project  was  carried  out  using  a 
Hewlett  Packard  model  2108  mini-computer  with  core  memory  capability  of 
32,000  words  of  16  bits  each.  The  computer  system  consisted  of: 

1)  a Real-Time  Executive  TI  operating  system;  2)  one  Hewlett  Packard 
7900  disedrive  sybsystem  capable  of  utilizing  three  platters  of  3.0  Megabytes 
each;  3)  one  Advanced  Engineering  Design  model  6200  disedrive  subsystem 
capable  of  utilizing  four  floppy  discs  of  3/4  Megabytes  each;  4)  one  9 track 
magtape  reader  capable  of  800  flux  changes  per  inch;  5)  one  paper  tape  punch 
capable  of  punching  75  characters  per  second;  7)  one  Versatex  model  lllOA 
linepriiiter  capable  of  printing  1000  lines  per  minute  with  a resolution  of 
100  dots  per  inch;  8)  one  Hewlett  Packard  2600  terminal;  9)  one  Silent  700 
hardcopy  terminal;  10)  one  Teletype;  11)  two  Hewlett  Packard  2615  terminals; 
and  12)  one  cardreader  capable  of  reading  600  cards  per  minute. 
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VI.  THE  COMPUTER  PROGRAMMING 


Due  to  the  limited  amount  of  core  memory  available,  it  was  necessary  to 
perform  the  statistical  analysis  in  stages  and  to  store  the  intermediate 
results  in  storage  files  on  the  disc.  Each  storage  file  name  consists  of 
four  letters  to  identify  the  type  of  information  in  the  file,  followed  by 
either  MA  of  FE,  according  to  which  sex  the  data  represents.  For  example, 
the  original  data  (which  consists  of  the  body  identification  number,  age, 
stature,  and  heights  of  the  individual  vertebrae  for  each  subject  in  the 
sample)  is  stored  in  BONEMA  and  BONEFE.  For  the  purpose  of  simplicity,  the 
storage  files  will  be  referred  to  only  by  the  first  four  letters. 

The  source  files  which  create  the  compiled  programs  used  in  the  analysis 
are  neuned  with  a "$"  followed  by  five  letters  to  identify  the  purpose  of  the 
program.  The  program  which  is  created  is  named  with  the  five  letters  used  to 
identify  the  source  file.  For  example,  $GNSEC  is  the  source  file  which 
creates  the  program  GNSEC.  The  progrcun  GNSEC  generates  the  276  sections  of 
the  vertebral  column  which  are  the  random  variables  that  are  analyzed.  The 
flow  chart  in  Figure  A shows  the  relationships  between  the  source  files,  pro- 
grams, storage  files,  and  output.  Listings  of  the  programs  are  provided  in 
appendix  A. 

The  program  LISTS  is  strictly  a formating  program.  It  reads  the  files 
containing  the  bone  length  data  and  formats  them  into  a readable  form. 

The  program  GNSEC  reads  the  bone  length  data  from  storage  file  BONE  and, 
as  previously  stated,  generates  the  276  bone-group  lengths  for  each  skeleton. 
This  is  then  stored  in  file  SECS.  An  example  of  the  output  generated  by  this 
program  is  contained  in  appendix  B. 
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The  next  program,  STATS,  is  the  main  program  in  the  system.  It  does 
the  statistical  analysis  using  the  data  contained  in  SECS.  In  addition  to 
the  analysis  of  the  entire  data  set,  the  program  is  designed  so  that  age 
limits  may  be  placed  on  the  data  to  be  evaluated.  In  this  way  it  is  possible 
to  evaluate  different  age  ranges  without  changing  any  of  the  files.  The 
program  also  divides  the  data  into  age  and  height  groups  if  desired.  STATS 
produces  no  written  output.  Instead  it  stores  all  of  its  output  in  the  file 
STAT  for  use  by  two  other  programs. 

The  first  program  that  utilizes  the  file  STAT  is  FORMS.  This  program, 
like  LISTS,  is  strictly  a formating  program.  It  retreives  the  information 
from  STAT  and  prints  it  out  in  two  tables  in  readable  form. 

The  second  program  that  utilizes  the  file  STAT  is  PLOTS.  In  addition  to 
obtaining  information  from  STAT,  PLOTS  also  retrieves  information  from  the 
file  SECS  and  creates  a scattergram  for  each  bone-group,  which  shows  the  data 
points,  the  regression  line,  and  one  standard  deviation  above  and  below  the 
regression  line. 


VII.  RESULTS 


The  data  obtained  from  the  previously  described  skeletons  was  subjected 
to  regression  analysis  as  set  forth  above.  The  results  of  this  analysis  are 
shown  in  tables  3 and  4.  These  tables  give  the  mean  and  standard  deviation 
of  stature  and  of  each  bone-group,  along  with  the  coefficient  of  correlation 
and  regression  coefficient  for  each  bone-group  as  it  relates  to  stature.  The 
tables  also  provide  the  standard  error  of  the  stature  estimation  equation  for 
each  bone-group,  as  well  as  standard  errors  of  each  of  the  above  statistics. 

After  correcting  for  age,  the  mean  cadaver  statures  are  1744.70mm  for 
the  males  and  1630.06mm  for  the  females.  These  means  were  compared  with  the 
mean  statures  obtained  by  Trotter  and  Gleser  (1^52)  from  Terry  Collection 
material  and  various  other  researchers  from  non-Terry  Collection  material 
(Dupertuis  and  Hadden,  1951) . 

There  was  no  statistically  significant*  difference  between  the  mean 
statures  found  in  this  study  and  those  found  by  Trotter  and  Gleser.** 

The  mean  stature  of  the  females  in  this  study  was  not  significantly 
different  from  that  reported  on  non-Terry  Collection  subjects.***  The  male 


*In  this  study,  a difference  is  considered  to  be  statistically  signifi- 
cant when  P<.05  using  a two-tailed  test.  For  the  remainder  of  this  paper 
the  term  significant  refers  to  statistical  significance. 

**The  mean  statures  found  by  Trotter  and  Gleser  were  equivalent  to 
living  statures.  Their  means  were  converted  to  cadaver  statures  by  adding 
2.5cm  prior  to  any  comparisons. 

***Non-Terry  Collection  subjects  consisted  of  both  living  persons  and 
cadavers.  To  maximize  the  size  of  the  Scimple  the  average  stature  of  the  liv- 
ing subjects  was  determined.  This  figure  was  converted  to  cadaver  stature  by 
adding  2.5cm  and  was  then  averaged  with  the  cadavers.  This  provided  a sample 
of  2,123  Negro  females  and  8,471  males. 
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mean  was  significantly  different,  although  just  barely.* 

The  coefficients  of  correlation  for  single  vertebrae  varied  from  a low 
of  .18**  to  a high  of  .60  for  the  females.  The  males  were  less  extreme  in 
their  variation  with  a low  of  .24  and  a high  of  .58.  The  highest  bone-group 
correlation  was  .62  for  the  males  (in  5 different  bone-groups)  and  .64  for 
the  females  (in  6 different  bone-groups) . 

For  the  females,  the  coefficients  of  correlation  continued  to  improve  as 
the  number  of  vertebrae  in  the  bone-groups  increased;  the  highest  correlations 
appearing  in  groups  containing  16,  17,  18,  19,  22,  and  23  vertebrae.  In  con- 
trast, while  the  males  generally  improved  with  greater  numbers  of  vertebrae, 
the  highest  correlations  were  in  groups  of  3,  4,  5,  and  6 vertebrae  and  none 
of  the  bone-groups  with  11  or  more  vertebrae  had  correlations  as  high  as  the 
single  vertebrae  Ll  and  L2. 

The  errors  involved  in  stature  estimations  based  on  the  bone-groups 
follow  the  same  general  pattern  as  the  coefficients  of  correlation.  The 
estimation  equation  for  bone-group  T12-L4  has  tlie  smallest  standard  error 
(54.72mm)  for  the  males.  Bone-group  C2-L4  has  the  smallest  standard  error 
(53.09mm)  for  the  females.  Figures  5 and  6 show  the  regression  lines  (plus 
or  minus  one  standard  error)  of  the  T12-L4  bone-group  for  the  males  and  of 
the  C2-L4  bone-group  for  the  females,  respectively. 

Additional  scattorgrams  showing  the  regression  lines  for  bone-groups  with 
the  second  and  third  lowest  standard  errors  for  each  sex  and  scattergrams  with 
the  regression  lines  for  the  entire  vertebral  column  (C2-L5)  for  each  sex  are 
included  as  figures  7 through  12  at  the  end  of  this  section. 


n 


I 


*The  mean  was  not  significantly  different  at  P<.045. 

**This  coefficient  of  correlation  is  not  significantly  different  from  a 
correlation  of  zero.  All  other  coefficients  of  correlation  found  in  this 
study  differ  significantly  from  zero. 
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The  standard  errors  of  the  estimation  equations  range  from  the  lows 
given  above  to  highs  of  67.89mm  for  the  males  and  68.33mm  for  the  females. 
The  standard  deviation  of  stature  does  not  differ  significantly  from  the 
standard  errors  of  the  estimation  equations  in  172  bone-groups  for  the  males 
and  60  bone-groups  for  the  females.*  Of  the  remaining  estimation  equations, 
none  of  their  standard  errors  differ  significantly  from  the  least  of  the 
standard  errors. 

The  regression  formulae  for  the  estimation  of  cadaver  stature  (with 
standard  errors)  are  given  in  tables  5 and  6.  For  the  equivalent  of  living 
stature,  25mm  should  be  subtracted  from  the  cadaver  stature.  For  estimating 
stature  of  individuals  over  30  years  of  age,  .6inm  should  be  subtracted  from 
the  estimated  stature  for  each  year  of  age  over  30  years. 

*The  standard  error  must  be  less  than  60.17mm  for  the  males  and  59.79mm 
for  the  females  to  be  significantly  different  from  the  standard  deviation 
of  the  stature. 
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B O N E - G R Cl  U P 
VS 

STRTURE 


Fig.  7 Scattergram  of  Negro  male  data,  bone-group  L1-L4 


BONE -GROUP 
VS 

STRTURE 


Fig.  10  Scattergram  of  Negro  female  data,  bone-group  C6-L4 


VIII.  DISCUSSION  AND  CONCLUSIONS 


The  coefficients  of  correlation  can  be  tested  to  determine  whether  they 
are  significantly  different  than  a zero  correlation.  The  correlations  found 
in  this  study  are  significantly  different  than  zero  with  only  one  exception. 

The  amount  of  variation  in  the  statures  of  the  current  sample  which  is 
explained  by  the  variation  in  the  lengths  of  a bone-group,  is  equal  to  the 
coefficient  of  correlation  squared.  For  example,  if  the  coefficient  of  cor- 
relation is  .50,  then  .25  or  25%  of  the  variation  in  stature  would  be  explained 
by  the  variation  in  the  bone-group  length. 

In  this  study,  the  highest  coefficient  of  correlation  for  the  males  was 
.62.  This  indicat:es  that  only  38.44%  of  tiie  variation  in  stature  was  explained 
by  the  variation  in  length  of  the  bone-group. 

In  contrast  to  this,  Trotter  and  Gleser  (1952)  found  correlations  ranging 
from  .712  to  .861  for  the  males  and  from  .633  to  .848  for  the  females.  This 
indicates  that  as  much  as  74%  and  72%  of  the  variation  in  statures  are  ex- 
plained by  the  variation  in  long  bone  lengths  for  the  males  and  females, 
respectively. 

The  greater  the  percentage  of  variation  in  stature  that  is  attributable 
to  the  variation  in  bone-group  length;  the  smaller  the  error  in  estimating 
stature.  It  would  be  expected  then,  that  the  standard  errors  of  the  regres- 
sion formulae  obtained  from  the  vertebral  column  would  be  greater  than  the 
standard  errors  of  the  formulae  from  the  long  bones.  This  is,  indeed,  what 
was  found  in  this  research. 
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The  standard  errors  of  the  estimates  vary  from  67.89nim  to  54.72ram  for 
the  males  and  from  68.33mm  to  53.09mm  for  the  females  when  using  the  vertebral 
regression  formulae.  These  errors  vary  from  4.74cm  (47.4mm)  to  3.38cm  (33.8mm) 
for  the  males  and  from  5.05cm  (50.5mm)  to  3.22cm  (32.2tTiin)  for  the  females 
using  long  bone  formulae  (Trotter  and  Gleser,  1952  and  1958) . 

The  smallest  of  the  standard  errors  of  the  estimations  based  on  the 
vertebral  column  are  significantly  different  from  the  standard  errors  based 
on  the  long  bones  with  only  tliree  exceptions  (equations  based  on  the  ulna  and 
on  the  radius  for  the  females,  and  based  on  the  ulna  for  the  males). 

Based  on  these  statistics,  it  can  be  concluded  that  the  vertebral  column 
can  be  a useful  tool  in  the  estimation  of  stature.  It  is  not,  however,  as 
good  a tool  as  arc  the  long  bones.  If  the  long  bones  arc  available,  they 
should  be  used  for  estimating  stature. 

The  low  coefficients  of  correlation  (and  the  high  standard  errors  of  tVie 
estimate)  v/hich  were  found  in  this  study  could  have  one  or  both  of  the  follow- 
ing causes:  1)  the  relationship  between  vertebral  bone-group  lengths  and 
stature  is  not  linear  or  2)  regardless  of  the  relationship  there  is  a large 

amount  of  variation  in  the  proportions  of  individuals.  As  has  been  shown  by 

previous  researchers  (Dwig)it,  1890;  Pearson,  1898;  Stevenson,  1929;  Dupertuis 
and  Hadden,  1951;  Trotter  and  Gleser,  1951a,  1951b,  1952,  1958;  and  others), 
there  is  a considerable  amount  of  variation  among  individuals.  As  Krogman 
(1961)  so  aptly  put  it: 

It  is  axiomatic  in  biology  that  stability  is  the  exception, 
variability  is  the  rule.  That  is  to  say,  there  really  is  no 
average;  there  is  only  a central  tendency,  with  a normal  range 
of  variability  clustering  around  it. 

Whether  or  not  the  first  possibility  is  also  a contributing  factor  is 
unknown.  Trotter  and  Closer  (1952)  attempted  to  show  that  the  relationship 

between  the  long  bones  and  stature  was  linear  by  computing  the  mean  statures 
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for  5nun  increments  in  femur  length  and  showing  that  the  correlation  ratio 
for  the  distribution  of  means  was  not  significantly  different  than  the  cor- 
relation coefficient  for  the  femur.  This  method  does  not  take  into  account 
the  possibility  of  an  approximately  linear  relationship  in  the  average 
height  ranges  and  deviation  from  that  linear  approximation  in  the  taller  and 
shorter  height  ranges,  due  to  the  limited  number  of  extremely  long  or  short 
bone  lengths. 

Determination  of  the  relationship  between  bone  lengths  and  stature  in 
extremely  tall  and  extremely  short  subjects  is  hampered  by  the  lack  of  skele- 
tal material  to  study.  Pearson  (1898)  found  that  when  his  regression  formulae 
were  applied  to  dwarf  or  giant  races,  the  resulting  estimations  were  much  too 
large  for  the  dwarfs  and  too  small  for  the  giants.  He  theorized  a non-linear 
relationship  between  long-bone  length  and  stature  in  order  to  account  for  this. 
Pearson,  however,  was  applying  his  formulae  across  racial  boundaries,  a pro- 
ceedure  which  he  had,  earlier  in  the  same  paper,  warned  against. 

In  the  current  study,  the  author  was  able  to  find  two  skeletons  of  Negro 
males  in  the  Terry  Collection  whose  statures  were  2 and  2.03  meters.  When 
the  regression  formulae  based  on  the  vertebral  column  were  utilized  to  esti- 
mate their  statures  the  estimates  were  on  the  order  of  4 to  5 standard  errors 
below  the  actual  statures.  This  could  perhaps  indicate  that  a small  increase 
in  vertebral  column  length  implies  a much  larger  stature  increase  when  dealing 
with  tall  persons  than  with  shorter  persons. 

This  is  a trap  into  which  the  investigator  may  easily  fall.  By  looking 
at  figure  5,  it  becomes  evident  that  of  those  male  subjects  over  1,820mm  in 
stature,  all  but  two  would  be  underestimated  by  using  the  regression  formula. 
Similarly,  of  those  subjects  under  1,700mm,  all  but  one  would  be  overestimated. 
This  is  the  nature  of  the  regression  formula;  it  does  not  give  the  best 
straight  line  representation  of  the  data,  instead  it  gives  the  best  approxi- 
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nation  of  the  stature  given  a bone-group  length. 

The  only  ways  to  test  the  linearity  of  the  relationship  between  stature 
and  bone  length  are  to  use  the  method  employed  by  Trotter  and  Gleser  mentioned 
above,  with  larger  numbers  of  subjects  that  have  bone  lengths  that  are  longer 
or  shorter  than  normal,  or  to  apply  non-linear  regression  analysis  to  the  data. 

I 

Schultz  (1931)  demonstrated  that  in  the  male  human  body,  at  birth  the  leg  j 

length  is  116%  of  the  trunk  length,  growing  to  between  151%  and  192%  in  the 
adult.  With  this  in  mind,  it  would  seem  logi< c 1 that,  as  a person  grows, 
changes  in  stature  would  be  due  more  to  long  bone  growth  than  vertebral  column 
growth.  This  would  account  for  the  higher  correlation  between  long  bone 
length  and  stature  than  between  vertebral  bone-group  length  and  stature,  re- 
gardless of  whether  the  relationships  were  linear  or  non-linear.  Linearity 
or  non-linearity  would  be  determined  by  the  respective  rates  of  growth  of  the 
bones  and  the  time  of  cessation  of  growth. 

Fully  and  Pineau  (1960),  studying  males  only,  found  coefficients  of  cor- 
relation of  .926  when  they  combined  the  length  of  the  femur  and  the  five 
lumbar  vertebrae  and  of  . 908  when  they  combined  the  tibia  with  the  lumbar 
vertebrae.  This  indicates  a very  strong  linear  relationship  between  stature 
and  these  combined  bone  lengths. 

Additional  research  needs  to  be  conducted  to  determine  the  relationships 

between  stature  and  other  vertebral  bone-groups  combined  with  the  long  bones.  j 

( 

It  would  also  be  worthwhile  to  investigate  the  possibility  of  non-linear  ! 

i 

J 

relationships  between  stature  and  the  vertebral  bone-groups. 

Fully  and  Pineau  also  provided  a table  showing  the  percentage  of  total 
vertebral  column  length  which  each  vertebra  represents,  as  well  as  the  cumula- 
tive percentages  from  the  superior  and  from  the  inferior  ends  of  the  column. 

Table  7 shows  the  values  found  by  Fully  and  Pineau  along  with  the  percentages 


found  in  the  current  study.  The  values  found  for  the  Negro  males  are  almost 
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Table  7 

AVERAGE  VERTEBRAL  HEIGHT  AS  PERCENTAGE  OF  VERTEBRAL  COLUMN  LENGTH 


Vertebra 

Individual  Percentage 

Cumulative 

Percentage 

From 

Superior  End 

From 

Inferior  End 

Fully 

and 

Pineau 

Current  Study 

Fully 

and 

Pineau 

Current  Study 

Fully 

and 

Pineau 

Current  Study 

Males 

Females 

Males 

Females 

Males 

Females 

C2 

7.80 

7.70 

7.63 

7.80 

7.70 

7.63 

100.00 

100.00 

100.00 

C3 

2.89 

2.81 

2.69 

10.59 

10.51 

10.33 

92.20 

92.30 

92.37 

C4 

2.73 

2.72 

2.63 

13.32 

13.23 

12.96 

89.41 

89.49 

89.67 

C5 

2.66 

2.64 

2.61 

15.98 

15.87 

15.57 

86.68 

86.78 

87.04 

C6 

2.65 

2.67 

2.66 

18.63 

18.54 

18.23 

84.02 

84.13 

84.43 

C7 

2.  95 

2.94 

2.91 

21.58 

21.47 

21.14 

81.37 

81.46 

81.77 

T1 

3.41 

3.  42 

3.36 

24.99 

24.90 

24.50 

78.  42 

78.53 

78.86 

T2 

3.61 

3.70 

3.62 

28.  59 

28.60 

28.12 

75.  01 

75.10 

75.50 

T3 

3.72 

3.80 

3.73 

32.  31 

32.40 

31.85 

71.41 

71.40 

71.87 

T4 

3.83 

3.83 

3.  79 

36.14 

36.23 

35.64 

67.69 

67.60 

68.15 

T5 

3.98 

3.93 

3.89 

40.12 

40.16 

39.53 

63.86 

63.77 

64.36 

T6 

4.10 

4.07 

4.01 

44.22 

44.23 

43.54 

59.88 

59.84 

60.47 

T7 

4.19 

4.17 

4.11 

48.41 

48.  40 

47.65 

55.78 

55.77 

56.46 

T8 

4.24 

4.26 

4.21 

52.65 

52.66 

51.87 

51.59 

51.60 

52.35 

T9 

4.35 

4.36 

4.34 

57.02 

56.21 

47.35 

47.34 

48.13 

TlO 

4.61 

4.61 

4.  59 

61.63 

60.80 

43.00 

42.98 

43.79 

Til 

4.96 

4.94 

4.90 

66.  57 

66.  56 

65.70 

38.  39 

38.38 

39.20 

T12 

5.23 

5.  28 

5.27 

71.80 

71.84 

70.97 

33.43 

33.44 

34.30 

LI 

5.53 

5.55 

5.59 

77.33 

77.  39 

76.56 

28.20 

28.16 

29.03 

L2 

5.62 

5.60 

5.  77 

82.95 

83.00 

82.32 

22.67 

22.61 

23.44 

L3 

5.66 

5.66 

5.89 

88.61 

88.66 

88.22 

17.05 

17.00 

17.67 

L4 

5.63 

5.63 

5.87 

94.24 

94.29 

94.09 

11.39 

11.35 

11.78 

L5 

5.76 

5.71 

5.91 

100.00 

100.00 

100.00 

5.76 

5.71 

5.91 

r 
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identical  to  those  found  by  Fully  and  Pineau  for  White  males.  The  Negro 
females  disclose  smaller  percentages  in  C2  through  C4  and  larger  percentages 
in  L2  through  L5,  being  approximately  equal  to  the  males  in  the  rest  of  the 
column.  This  indicates  the  vertebral  column  of  males  is  proportioned  the 
same  across  these  particular  racial  bounds  while  the  females  are  proportion- 
ally shorter  in  the  cervical  vertebrae  and  longer  in  the  lumbar  vertebrae 
than  are  the  males.  Similarly,  Dwight  (1894)  reported  finding  that  the 
lumbar  region  was  proportionally  longer  in  females  than  in  males. 

Dwight  also  found  a few  numerical  anomalies  (both  less  than  and  more 
than  the  normal  number  of  vertebrae)  although  he  v;as  unable  to  provide  any 
information  as  to  how  frequent  these  anomalies  appeared.  In  the  current 
study,  anomalies  were  recorded  when  found,  but  were  not  used  in  the  data  base 
for  deriving  the  regression  formulae.  Among  the  males,  approximately  5.6% 
had  more  than  the  normal  number  of  vertebrae:  four  (3.2%)  had  an  extra 
thoracic  vertebrae,  and  three  (2.4%)  had  an  extra  lumbar  vertebrae.  Approxi- 
mately 2.4%  had  fewer  than  the  normal  number:  two  (1.6%)  liad  only  eleven 
thoracic  vertebrae,  and  one  (0.8%)  had  only  four  lumbar  vertebrae. 

t 

Among  the  females  in  the  current  study,  approximately  2.2%  had  more  than 
the  normal  number  of  vertebrae:  one  (0.7%)  had  an  extra  thoracic  vertebrae 
and  two  (1.5%)  had  an  extra  lumbar  vertebrae.  Approximately  7.4%  had  fewer 
than  the  normal  number:  six  (4.4%)  had  only  eleven  thoracic  vertebrae,  four 
(2.9%)  had  only  four  lumbar  vertebrae,  and  one  (0.7%)  had  only  six  cervicle 
and  eleven  thoracic  vertebrae. 

Using  the  data  obtained  from  these  abnormal  vertebral  columns,  selected 
regression  formulae  were  applied  to  determine  the  proper  proceedure  for  han- 
dling these  anomalies. 

I 

With  a normal  vertebral  column  the  proceedure  would  be  to  use  the  regres-  ' 

( 


sion  formula  v;ith  the  smallest  standard  error  for  which  the  vertebrae  were 
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available.  For  example,  if  the  vertebrae  C2  through  C5  and  T7  through  L5 
were  available  from  a Negro  male,  the  formula  for  bone-group  T12-L4  would 
be  used  to  estimate  stature. 

With  vertebral  columns  that  were  missing  vertebrae  or  had  extra  vertebrae, 
it  was  found  that  the  proceedure  would  be  the  same  as  for  normal  vertebrae. 

If  vertebrae  are  missing,  the  formula  with  the  smallest  standard  error  for 
whicli  the  vertebrae  are  available  should  be  used.  If  there  are  extra  verte- 
brae, the  only  difference  to  the  standard  proceedure  is  to  disregard  the  extra 
vertebra  if  it  happens  to  be  located  with  the  chosen  bone-group,  i.e.,  bont'.- 
group  TlO-Ll  would  contain  T13. 

In  the  cases  available  for  study,  72.7%  of  the  estimates  on  males  fell 
within  one  standard  error  when  using  the  above  proceedures,  and  81.8%  were 
withd.n  two  standard  errors.  In  four  cases  in  v/hich  an  extra  vertebra  fell 
within  the  bone-gi'oup  providing  the  least  standard  error,  three  cases  resulted 
in  better  estimates  by  not  including  the  extra  vertebra  in  the  calculations. 

For  the  females,  62.5%  of  the  estimates  were  within  one  standard  error 
when  using  the  above  proceedures,  and  100%  fell  within  two  standard  errors. 

Only  one  case  was  present  in  which  an  extra  vertebra  was  included  in  the  bone- 
group  used  for  the  estimations.  In  this  case  the  regression  formula  provided 
a better  estimate  when  the  extra  vertebra  was  not  used  in  the  calculatior.  . 
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IX.  SUMMARY 


Linear  regression  analysis  was  applied  to  data  from  100  male  and 
100  female  American  Negro  skeletons  from  the  Terry  Anatomical  Collection 
in  order  to  develop  regression  formulae  for  the  estimation  of  stature  from 
the  vertebral  column  and  portions  thereof.  The  vertebral  column  was  divided 
into  contiguous  sections  containing  from  1 to  23  vertebrae  (C2  through  L5) . 

These  bone-groups  produced  correlation  coefficients  ranging  from  .18 
to  .64  and  the  resulting  regression  formulae  and  standard  errors  ranging 
from  53.09mm  to  68.33mm. 

The  study  shows  that  the  vertebral  column  can  be  an  aid  in  the  estimation 
of  stature  but  that  the  estimations  are  not  as  accurate  as  those  made  based 
on  the  lengths  of  the  long  bones. 

There  remains  some  question  as  to  whether  the  relationship  between 
stature  and  the  length  of  the  vertebral  column  is,  in  fact,  linear  and  the 
possibility  of  further  study  in  this  area  is  recommended. 

The  possibility  of  further  studies  on  the  estimation  of  stature  by 
combining  the  long  bones  and  the  vertebral  column  was  discussed  and 
recommended . 

Comparisons  were  made  between  the  vertebral  column  proportions  found 
in  this  study  and  those  found  by  Fully  and  Pineau  using  European  White 
males. 

Consideration  was  also  given  to  the  proper  method  for  estimating  stature 
when  the  vertebral  column  contains  less  than  or  more  than  the  normal  number 
of  vertebrae. 
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( This  appendix  contains  the  computer  programs  utilized  in  this  research 

1 

; project.  The  use  of  the  programs  and  their  relationships  to  each  other  are 

described  in  the  section  beginning  on  page  47. 
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LISTS 

This  program  reads  the  files  BONEMA  and  BONEFE  and  prints  them  out  in 
readable  format. 


GNSEC 


This  program  reads  the  files  BONEMA  and  BONEFE  and  computes  the  lengths 
of  the  276  bone-groups  to  be  analyzed.  The  data  generated  is  placed  in  the 
files  SECSMA  and  SECSPE. 


PME  0092  GHSEC  FTN4  COMPILER:  HR2<11?r  tSEPT.  1974^ 


LETR 

This  is  an  assembly  language  proceedure  utilized  by  the  programs  FORMS 
•id  PLOTS.  It  converts  the  numerical  code  of  each  bone-group  to  an  alpha- 
numeric designator  consisting  of  the  beginning  and  ending  vertebrae. 


Pi'iJiI  flSr^.R.L 

tiUfi2  00000  NftM  LETR.7 

'.i.'lOi  El  IT  LETT' 

(i-Tu  l L .'T  .EitTP 


n 


98 


STATS 


This  program  reads  the  files  SECSMA  and  SECSFE  and  performs  the  statis- 
tical analysis  on  each  bone-group.  The  data  created  is  placed  in  the  files 
STATMA  and  STATFE. 


Ol’O!  rTN4  COMPILFP:  HPr4177  <S3PT.  19741 
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i Hill'll  JO 


r'lor  cnrii  •'Ttrr'=:  ttn-}  (‘^epi  . i? 


rnhpiiiE  iiTiCiH  rriFr nciriiT 


■rnr  i'.-r!  - n^ri  it-p;  ccn;-:oH  ’ iimnn 
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PLOTS 

This  program  reads  the  files  SECSMA,  SECSFE,  STATMA,  and  STATFE  and 
draws  scattergrams  showing  the  data  points  and  regression  line  for  each 
bone-group. 


PAGE  0902  PLOTS  FTH4  CCMPIlEP:  HP24177  (SEPT.  1974) 
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FORMS 


This  program  reads  the  files  STATMA  and  STATFE  and  prints  them  out 


in  readable  format. 
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